This study was carried out to screen lactic acid bacteria that produce active dietary enzymes, such as amylase, lipase, phytase, and protease, using a two-step process in pigs. We isolated a total of 210 and 132 strains of bacteria, grown under aerobic and anaerobic conditions, respectively, in Man Rogosa Sharpe agar containing 0.13% bile after treatment of intestinal samples at pH 3 for 30 min. From fecal samples, a total of 134 aerobic and 111 anaerobic strains were isolated in the same manner. In the second screening test, we selected four strains that produced four dietary enzymes from isolates obtained in the first screening test. Each strain was characterized as lactobacilli based on the following criteria: rod shape, negative for catalase, Gram positive, and lack of acute oral toxicity in mice. Of these four strains, we finally selected Lactobacillus spp. PSC101, which was resistant to pH 3 for 8 h and grew in the presence of 1% bile. In summary, Lactobacillus sp. PSC101 may be a strong probiotic candidate in swine due to its resistance to both acid and bile, its production of dietary enzymes that promote animal growth, and its non-toxic nature in mice.
Introduction
Many antibiotics have been used to both increase feed conversion and prevent bacterial intestinal disease in food animals. The feeding of antibiotics to food animals results in the retention of antibiotics in animal tissue, imbalances in normal intestinal flora, reduced beneficial intestinal microbial populations, and the generation of antibiotic-resistant bacteria (Reid and Friendship, 2002; Schneeman, 2002) . To overcome these problems, efforts have been directed towards the development and use of probiotics in food animals (Reid and Friendship, 2002) .
Probiotics have been strongly recommended as alternatives to antibiotics for food animals (Reid and Friendship, 2002) . Promising probiotic strains include Lactobacillus acidophilus, L. johnsonii, L. casei, L. fermentum, L. gasseri, L. plantarum, L. rhamnosus, Bifidobacterium bifidum, Bifi. breve, Bifi. infantis, Enterococcus faecalis and E. faecium (Fuller, 1991; Gorbach and Goldin, 1992) . Among the potential probiotics, lactic acid bacteria (LAB) are reported to have important beneficial biological effects in food animals (Chou and Weimer, 1999) .
In pigs, most researchers have focused on probiotics that have antibacterial activity rather than antibi- Probiotics should be able to be prepared as viable products on an industrial scale. They should remain stable and viable for long periods under storage and field conditions. In addition, they must be able to survive in the intestine and have beneficial effects on host animals. In order to screen probiotics based upon the above considerations, selection criteria must include safety, and both functional and technological aspects (Saarela et al., 2000) . Therefore, we isolated both acid-and bile-tolerant bacterial strains and further characterized isolates that produced dietary enzymes (i.e., amylase, lipase, phytase, and protease).
Materials and Methods

Selection of acid-and bile-tolerant isolates from fecal and intestinal samples.
To screen acid-and bile-tolerant isolates from intestinal samples, pigs (nϭ30) weighed 90Ϯ8 kg were slaughtered, and the upper duodenum and lower colon were then immediately ligated aseptically and transported to our laboratory in bags of dry ice. Ligated-intestines were opened with a sterile scalpel and their contents were placed in sterile dishes. Piglet feces (40 samples), weighing 30Ϯ3 kg, were obtained from different farms in Korea.
One-gram quantities of intestinal and fecal samples were homogenized in 99 ml anaerobic solution (Mitsuoka, 1990) . One milliliter of this solution was then added to 9 ml of Lactobacillus selective broth [Man Rogosa Sharpe (MRS) broth] adjusted to pH 2.0, and agitated for 2 h at 37°C. Subsequently, 1 ml of this solution was diluted 10-fold with saline containing 0.1% bacto agar. Each diluent was then spread onto MRS agar plates, with or without 0.15% bile salts (oxgall, Difco); and the plates were then incubated for 48 h, either aerobically or anaerobically.
Selection of lactobacilli that produce dietary enzymes. Of the Lactobacillus candidates (252 strains) that were isolated in the first screening test, we selected bacteria that produced amylase, lipase, phytase, and protease. To isolate Lactobacillus candidates that produced amylase, we checked all colonies that were isolated from the first screening test using a medium that consisted of polypeptone (0.5%), beef extract (0.5%), yeast extract (0.2%), NaCl (0.2%), corn starch (2%), and agar (1.5%). After aerobic incubation for 48 h, colonies were removed from agar medium, and then 0.2% Congo red reagent was added to the agar medium. After 30 min, the medium was decolorized with 1 M NaCl in order to identify the number of colonies that had a surrounding halo zone.
To isolate lactobacilli that produced lipase, colonies from the first screening were assayed for halo formation on 1.5% agar medium containing tryptone (0.1%), yeast extract (0.5%), NaCl (0.05%), and tricaprylin (0.1%). To isolate lactobacilli that produced lipase, colonies were initially assayed for aerobic halo formation after a 48-h incubation at 37°C on 1.5% agar medium containing D-glucose (1.5%), calcium phytate (0.5%), NH 4 NO 3 (0.5%), MgSO 4 · 7H 2 O (0.05%), MnSO 4 · 7H 2 O (0.01%), KCl (0.05%), FeSO 4 · 7H 2 O (0.001%), and MnSO 4 · 4H 2 O (0.01%), adjusted to pH 7.0. To isolate colonies that produced protease, colonies from the first screening were incubated for 48 h aerobically in 1.5% agar medium containing beef extract (1%), polypeptide (0.5%), milk casein (0.5%), and NaCl (0.5%), pH 8.0, and examined for halo formation.
Characterization of selected lactobacilli for probiotic candidates. Four colonies that produced four dietary enzymes were isolated and tentatively identified as Lactobacillus sp. PSC101, PSC102, PSC103, and PSC104 by Gram staining, production of catalase by hydrogen peroxide, acid production on MRS agar containing 0.2% calcium carbonate, lactic acid production using a lactic acid detection kit, and hemolysis on blood agar. Of these four selected lactobacilli, Lactobacillus sp. PSC101 was chosen as a probiotic candidate because it produced more lactic acid and was identified by the API CH50 kit.
To determine acute, single-dose oral toxicity in mice, the four selected lactobacilli strains and the commercial strain, L. acidophilus (KCTC 3146), were cultured in 1 L MRS broth at 37°C under aerobic conditions for 48 h and then centrifuged at 12,000 rpm for 15 min. After centrifugation, cell pellets were collected and washed three times with cold phosphate-buffered saline (PBS). The final pellets were resuspended in the PBS to 10 12 CFU/ml. Each strain was then administered to five ICR mice. In total, 25 male mice, between 8 and 10 weeks of age and bred at the Animal Production Unit of Kungpook National University, were acclimated in a controlled room (temperature: 23Ϯ3°C, relative humidity: 50Ϯ10%, air circulating frequency: 13-17 times/h, artificial light: 300 lux from 7 am to 7 pm, noise: 50 dB) for 10 days prior to experimentation. (Calderon Santoyo et al., 2003) . Phytase activity was measured by the amounts of released inorganic orthophosphate (P i ) by the method of Park et al. (2003) . Proteolytic activity was assayed according to the method of Gibb and Strohl (Gibb and Strohl, 1988) , using azocaine as substrate. Lipase activity was measured at 37°C using a pH-stat method (Kim et al., 2000) .
Results and Discussion
The lactobacilli that are used as probiotics in pigs are L. acidophilus, L. lactis, L. reuteri, L. casei and L. plantarum. Lactobacilli are strong acid producers and are seldom pathogenic (Sharpe et al., 1973) . These strains have been used as alternatives to antibiotics in pigs, but their antibiotic effects are insufficient to allow them to replace the antibiotics used to enhance pig growth. Therefore, the development of probiotics with various biological activities is required. Accordingly, lactobacilli that produce amylase, lipase, phytase, and protease have been selected from acid-and bile-tolerant isolates using a method described in a previous report for flounder (Byun et al., 1997) .
In the present study, bacterial strains were first selected using a 2-step process consisting of pH and bile resistance. For the process, the samples were treated for 2 h at pH 2, and then lactobacilli were cultured in MRS agar, with or without 0.15% bile and either aerobically or anaerobically, for 48 h. As the results, a total of 210 or 132 strains were isolated under aerobic or anaerobic conditions, respectively, on MRS agar containing 0.15% oxgall from 30 intestinal samples. In fecal samples, 134 aerobic and 111 anaerobic strains were isolated using the same process. The number of Table 1 . Acid-and bile-tolerant isolates identified by applying the described two-step selection processes to pig intestinal and fecal samples. To screen lactobacilli that produced active dietary enzymes, such as amylase, lipase, phytase, and protease, we screened 252 bacteria strains ( Table 2) . As a result, 24 strains from fecal samples (22%) and 32 (23%) strains from intestinal samples were found to produce amylase. Bacterial strains that produced lipase represented 15% and 17% of the isolates in fecal and intestinal samples, respectively, whereas bacterial strains that produced phytase and protease represented 15% and 81% of the strains in fecal samples and 23% and 72% of the strains in intestinal samples, respectively. From the above work, we selected four strains that produced these dietary enzymes with both acid and bile resistance.
We subjected the four selected strains to a second screening test. The tests were designed to assess Gram stain, cell morphology, catalase production, and hemolysis and the results obtained were compared with those obtained for L. acidophilus and L. fermentum. As shown in Table 3 , the four strains were Gram positive, rod shaped, catalase negative, produced both D-and L-forms of lactic acid, and were hemolysis negative in blood agar. They did not grow in KF Streptococcus agar media. From the above results, the four lactobacilli were tentatively identified as Lactobacillus sp. PSC101, PSC102, PSC103, and PSC104.
Most lactobacilli are non-toxic for humans and animals, but some are pathogenic (Sharpe et al., 1973) . Hence, the acute toxicities of the four strains were examined by administration of a single oral dose of 10 12 CFU/0.5 ml culture broth to ICR mice, using L. acidophilus as a positive control strain, for 2 weeks. All mice that were given these strains appeared healthy, inquisitive, and active; no illness or death occurred. No observable difference in hair luster was noticed between groups, and no signs of gastrointestinal upset, including diarrhea or vomiting, were noted.
For potential probiotic use, we selected L. sp. PSC101 as the best candidate from the four lactobacilli based on its higher level of lactic acid production. The biochemical characteristics of L. sp. PSC101 were examined using an API 50 CHL kit (Table 3) , and its morphology was investigated by scanning electron microscopy (SEM) (Fig. 1) . As shown in Table 4 , L. sp. Table 3 . Characterization of lactobacilli that produced the active dietary enzymes amylase, lipase, phytase, and protease. PSC101 was tentatively identified as L. fermentum PSC101 based on the results of API assay and its rodlike shape (Kandler and Weiss, 1986) .
To develop or select new probiotics, stability to acid, bile, and oxygen is of key importance (Dunne et al., 2001) . Therefore, the acid resistance of L. fermentum PSC101 was compared with that of L. acidophilus and L. fermentum at pHs 2, 3, 4, 5 and 7 (Fig. 2) . L. sp. PSC101 showed little or no decrease in viable cell numbers after 8 h at pH 3.0, whereas numbers of both L. acidophilus and L. fermentum were rapidly reduced between 1 h and 2 h at the same pH. Gupta et al. (1996) observed that only two of seven L. acidophilus strains exhibited growth at pH 3.0. We hypothesize, 2007 Selection of lactobacillus to produce dietary enzymes in pigs 115 
W, green color; Ϫ, w, reddish-green color.
therefore, that the isolated L. sp. PSC101 strain would likely survive stomach passage. Bile tolerance is another property that is required for lactobacilli survival in the small intestine, and thus, bacteria play a role in the physiological function of this organ (Byun et al., 1997; Ibrahim and Bezkorovainy, 1993; Park et al., 1998; Shin et al., 1995) . Although the growth rates of the four isolates strains were slightly suppressed by bile salts, Lactobacillus sp. PSC101 grew even in 1% bile salt (Fig. 3A) . As shown in Fig. 3B and 3C , L. acidophilus showed growth inhibition in MRS broth containing greater than 0.3% bile salt. Klaenhammer (1982) reported that probiotic bacteria vary considerably with respect to bile tolerance. However, since the mechanism by which these bacteria tolerate bile is not understood, the minimal acceptable level of bile tolerance for candidate probiotics remains unknown. Currently, the lethality of bile with respect to microorganisms in the small bowel of humans is believed to be low, even negligible, since in vitro data show that conjugated bile salts, which constitute the majority of bile salts present in the small bowel, are less bactericidal than deconjugated bile salts (Floch et al., 1972) .
These findings emphasize the importance of determining the sensitivity of microorganisms to bile as a selection step in the development of potential probiotics. Marteau et al. (1997) reported that although probiotic microorganisms are generally believed to maintain their functional properties after travel through the gastrointestinal tract, the effects of bile salts on yogurt bacteria may have positive consequences.
We subsequently intend to compare the production of valuable enzymes between Lactobacillus sp. (i.e., L. fermentum PSC101, L. acidophilus, and L. fermentum, see Table 5 ). Unlike both L. acidophilus and L. fermen-
